SUMMARY Six patients in the neurosurgical ward of Fukushima Medical College Hospital suffering from ventriculitis due to Achromobacter xylosoxidans infection had undergone craniotomy or cranial trepanation before the infection. The strains of A. xylosoxidans isolated from the patients were resistant to streptomycin, ampicillin, cephaloridine, gentamicin, and colistin. They were also resistant to chlorhexidine digluconate (Hibitane) in a concentration of 2%. When a study of the chlorhexidine used in the hospital was carried out four strains of A. xylosoxidans were isolatedfrom 20 containers of chlorhexidine solution in the surgical ward but not from those in the operating theatre.
were identified using triple-sugar iron (TSI) agar, oxidation, and fermentation of sugars and decarboxylase media devised by Moller (1955) .
In addition, production of water-or chloroformsoluble pigments, nitrate reduction, motility, and flagellar morphology were determined. The programme of identification was essentially that of Yabuuchi et al. (1974) . Organisms were considered to cause infection only when a pure culture of A. xylosoxidans was obtained from samples of CSF taken by ventricular puncture or drained from the ventricles, and when there was clinical evidence of meningitis. Newly isolated strains of A. xylosoxidans, Pseudomonas aeruginosa, Escherichia coli, and Klebsiella pneumoniae were subcultured on Dorset's egg medium (Nissui Ltd, Tokyo) and stored for one to three months. Before testing for sensitivity and resistance of the organisms, all strains were inoculated in brain-heart infusion (BHI) broth and cultured at 370C for 24 hours.
SENSITIVITY TO ANTIBIOTICS
Sensitivity to antibiotics was tested using the single disc method of Bauer et al. (1966) . Commercially purchased discs (Showa Pharmaceuticals Ltd, Tokyo) and Mtiller-Hinton agar (BBL) were used in the test.
RESISTANCE TO CHEMICAL DISINFECTION
The resistance of A. xylosoxidans to disinfection was 156 tested by the addition of about 108 organisms to 1 ml of several dilutions of disinfectant. As a control, the same number of organisms was added to distilled water without disinfectant. The mixtures of the organisms and disinfectant or distilled water were kept at room temperature for 10 minutes and were then diluted to 10-2 with sterile saline, and 0-01 ml of the dilution was inoculated in BHI broth.
In each test 4 x 103 to 3 x 104 organisms were inoculated in broth, and all test cultures were divided into two sets and then incubated at 250C and 370C. After 48 hours' incubation the cultures were examined for growth of organisms, and the resistance of the organisms was judged by their survival in the dilution of disinfectant after treatment. In another experiment the numbers of survivors were assessed by inoculation on a BHI agar plate after treatment.
INVESTIGATION FOR SOURCE OF INFECTION
Investigation of the chlorhexidine solution prepared in the operating theatre and in the surgical ward was carried out by inoculating a 1-mi aliquot of sample from the containers into 10 ml of BHI broth. Duplicate broth tubes were used and divided into two sets and were then incubated at 250C and 370C for 10 days. On the last day of culture, one drop of broth was subcultured on BHI agar containing 5% sheep erythrocytes and was then incubated at 370C for 48 hours to isolate the contaminating organisms.
Results

CASE REPORTS
Case 1 A girl aged 9 was admitted to the neurosurgical ward on 7 March, 1973 for operation on an arachnoid cyst in the occipital region. On the tenth postoperative day she underwent a ventriculoperitoneal shunt to reduce the pressure of the CSF in the ventricles. On 19 May she developed fever (39QC) with continuous headache, frequent vomiting, and stiffness of the neck. On 29 May, ventricular puncture was performed at the site of the ventricular tap which connected the ventricles to the peritoneal shunt. The puncture yielded purulent CSF, and A. xylosoxidans was isolated from the fluid in pure culture. The patient received injections of chloramphenicol (1 g daily) and the infection improved temporarily but later recurred three times in September, November, and December of the same year. Three of the four relapses were associated with A. xylosoxidans infection. Sera tested for the agglutinating antibody to the isolates on 15 June and 6 September had titres of 1 in 320 and 1 in 640.
Case 2 This 6-month-old boy had a haematoma in the occipital region after birth in October 1973. A swelling gradually developed associated with redness and fever. In February 1974 a cerebral abscess was diagnosed. Incision of the abscess yielded a purulent fluid from which Proteus mirabilis was recovered. After the incision, two drains were inserted in the abscess and in the corresponding ventricles of the cerebrum. In spite of extensive chemotherapy with daily injections of cephaloridine (1.0 g), the infection persisted for two months and on 16 April, A. xylosoxidans was isolated in pure culture not only from pus in the abscess but also from CSF drained from the ventricle. The organism was sensitive to chloramphenicol, ampicillin, carbenicillin, and nalidixic acid. Daily injections of chloramphenicol (500 mg) were continued for two weeks and he recovered from the infection.
Case 3
A 9-year-old boy with hydrocephalus had a cranial trepanation, and a drain was inserted in the ventricle on 10 July 1973. After the operation he was pyrexic (38 4°C) and three days after the operation A. xylosoxidans was isolated from CSF drained from the ventricle.
Case 4 This 8-year-old boy with a thalamic tumour had a ventriculoperitoneal shunt operation. After the operation he became pyrexic. One month later, a ventricular puncture yielded a turbid CSF from which A. xylosoxidans was isolated. After a 6-day course of chloramphenicol (500 mg daily), there was no growth of A. xylosoxidans but Serratia marcescens was isolated on culture.
Case 5
A 63-year-old man had a radical operation for multiple cerebral aneurysms performed on 10 July 1974. After the operation a drain was inserted in the ventricle. On the sixth day after operation, he had a fever of 39°C and A. xylosoxidans was isolated from the CSF in pure culture; on the following day the same organism was again isolated. These organisms were shown to be sensitive to tetracycline, chloramphenicol, and nalidixic acid but completely resistant to gentamicin, colistin, kanamycin, carbenicillin, and cephaloridine. He made a complete recovery from the infection after a two-week course of chloramphenicol injections (1-0 g daily).
Case 6 A man aged 49 was admitted to the surgical ward with a cerebral tumour on 9 September 1974. On 5 February 1975 he underwent craniotomy, and part of the tumour, shown histologically to be a meningioma, was resected. After the operation he had a fever of 39°C which continued for several days. On 11 February ventricular puncture yielded a turbid CSF from which A. xylosoxidans was isolated.
INCIDENCE OF BACTERIAL VENTRICULITIS IN THE NEUROSURGICAL WARD
From May 1973 to February 1975, 11 patients were admitted to the neurosurgical ward of Fukushima Medical College Hospital suffering from bacterial ventriculitis. Craniotomy or cranial trepanation had been performed on all the patients for resection of a tumour or incision of an abscess cavity. Each patient also had a ventriculoperitoneal shunt or drain from the ventricle.
Six of the 11 patients were infected with A. xylosoxidans, and the details of those cases have been cited above. Other species of organisms recovered from the CSF of these patients were Enterobacter, Staphylococcus aureus, Staphylococcus epidermidis, Ps. aeruginosa, P. mirabilis, S. marcescens, Acinetobacter calcoaceticus, and K. pneumoniae.
Some patients relapsed with the same infection or with an infection caused by different species of organisms. If such relapses are considered as individual cases, there were 18 cases of ventriculitis among 11 patients during the period of the survey. The causative organisms in these cases are shown in Table 1 . Eight of 18 were A. xylosoxidans and three others were nonfermentative rods (2 A. calcoaceticus and 1 Ps. aeruginosa). Eleven A. xylosoxidans strains were isolated from the CSF of these patients and some characteristics of the isolated strains and type strain ATCC-27061 of A. xylosoxidans are shown in Table 2 and the Figure. 
SENSITIVITY OF A. XYLOSOXIDANS TO ANTIBIOTICS
Eleven strains of A. xylosoxidans isolated from CSF were tested for sensitivity to antibiotics. As shown in Table 3 , all strains were resistant to streptomycin, cephaloridine, and ampicillin. Ten strains were resistant to gentamicin and eight strains were resistant to colistin. However, more than half of all the strains were sensitive to tetracycline, chloramphenicol, nalidixic acid, and carbenicillin. (Table 4 ). This dose of chlorhexidine is 10 times that of the concentration (0-1 %) used in this hospital. On the other hand, Ps. aeruginosa, E. coli, and K. pneumoniae were completely destroyed by benzalkonium chloride and Cresol at the concentrations used in this hospital (1-0% and 3 0%, respectively). In order to examine the survival of A. xylosoxidans in the dilution of chlorhexidine used in the hospital representative strains of A. xylosoxidans and other organisms were treated with 0-1 % chlorhexidine and titrated, following the time course shown in Table 5 . The results showed that almost one-quarter of the A. xylosoxidans organisms survived in the chlorhexidine after 10 minutes' treatment.
ISOLATION OF A. XYLOSOXIDANS FROM CHLORHEXIDINE SOLUTION
In order to investigate the source of the infection, chlorhexidine used in the vicinity of patients was tested for contaminants. In April 1975 (2 months after the last outbreak of infection) and in February 1976, a study was carried out in the operating theatre and in the surgical ward for the isolation of organisms from each washbasin. One-tenth percent chlorhexidine had been prepared with sterilised distilled water in the operating theatre and with unsterilised tap water in the surgical ward. In both areas samples were taken from 10 to 20 separate basins. The results are shown in Table 6 . Four A. xylosoxidans strains were isolated from basins in the surgical ward. One P. cepacia strain was isolated from a bowl used for the disinfection of surgical instruments. No organisms were isolated from basins in the operating theatre. tThe bowl contained chlorhexidine for the disinfection of used surgical instruments.
Discussion
The case reports presented concern bacterial ventriculitis due to A. xylosoxidans infection. All patients suffered from the infection after craniotomy or cranial trepanation had been performed. A. xylosoxidans is the pathogen in this context because it was the only species isolated from the CSF in these patients during the relevant ventriculitis. In each case A. xylosoxidans was the sole aerobic isolate of cultured organisms and the clinical process of infection corresponded well with the isolation of this agent. In case 1, the patient relapsed three times with ventriculitis associated with the recovery of A. xylosoxidans. In addition, the patient's serum agglutinated the isolate up to a dilution of 1 in 640. Except in case 1, the duration of infection with A. xylosoxidans was relatively short and patients recovered quickly with appropriate chemotherapy. Ten of 11 strains of A. xylosoxidans isolated were resistant to 10% chlorhexidine, which was 10 times theconcentration ofthat used to disinfect the surgeon's and nurse's hands in the hospital. Although the study of chlorhexidine used in this hospital was carried out two months after the last infection with A. xylosoxidans the organisms still persisted in the surgical ward and were isolated from the washbasins.
The observations cited above suggest that the infection described was of nosocomial origin.
Chlorhexidine, one of the derivatives of bisdiguanide, was reported to be effective on several kinds of microorganisms, including Gram-positive and -negative bacteria (Davies et al., 1954; Calman and Murray, 1956) . Pseudomonas cepacia, recently documented as a cause of nosocomial infection (Ederer and Matsen, 1972) , was reported to be resistant to Savlon, which contained chlorhexidine and cetrimide (Bassett et al., 1970) . Alcaligenes fecalis which is similar in morphology and biochemical characteristics to A. xylosoxidans, was also reported to be resistant to chlorhexidine (Kim et al., 1973) . Recently, analytical work on the fatty acid composition of Pseudomonas and Alcaligenes was performed by some workers using gas chromatography (Dees and Moss, 1975; Moss et al., 1972; Samuels et al., 1973; Yabuuchi et al., 1974) . The results of these analyses show the similarity of the cellular fatty acid composition in the three species of organisms cited above and their possession of a relatively high percentage of 3-hydroxy-tetradecanoicacid.Further investigation on thecomparison of fatty acid composition of chlorhexidine-sensitive and -resistant strains of the same species of organisms and on the neutralising effect of specific fatty acid on disinfection by chlorhexidine may explain the relationship between the cellular fatty acid component and resistance to this disinfectant.
A. xylosoxidans was resistant to gentamicin and colistin, which were commonly said to be effective against Ps. aeruginosa infection. Prolonged treatment of the patient with these antibiotics may play a significant role in the colonisation and infection with A. xylosoxidans.
We thank Dr E. Yabuuchi for kindly supplying the type strain ATCC-27061 of A. xylosoxidans.
